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(57) Abstract: A semiconductor 
device and its method of formation 
are disclosed wherein a surface of a 
semiconductor substrate is planarized 
to form an interconnect (1244) within 
a dielectric layer (1243). The top 
surface of the dielectric layer is 
then recessed with respect to a top 
surface of the interconnect to form 
a step (201). An opaque film (301) 
is then deposited over the surface 
of the semiconductor substrate. The 
opaque film (301) is lithographically 
patterned and etched, wherein an 
alignment of the patterning layer (401) 
is accomplished using topographically 
discernable features (303) that are 
formed in the opaque film (301) in 
regions where the step (201) between 
the interconnect (1244) and dielectric 
layer (1243) is produced. 
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SEMICONDUCTOR DEVICE AND METHOD OF FORMATION 

Field of the Invention 

5 The invention relates generally to semiconductor devices 

and more particularly to the alignment of features on a 
semiconductor device substrate. 

Related Art 

10 

Manufacturing semiconductor devices requires depositing 
various layers of materials over semiconductor device substrates 
and then patterning and etching the layers to form semiconductor 
device features. The successive steps of depositing, patterning, 

15 and etching eventually forms more complicated semiconductor 
device structures, such as transistors, capacitors, interconnects, 
and the like. Aligning the features formed at one level to a 
previous level requires using advanced photolithography 
equipment. Typically, the alignment requires an ability to detect 

20 optical contrasts from alignment marks formed in underlying 
layers. This can usually be accomplished by aligning the 
patterning layer to alignment marks through transparent films, such 
as silicon dioxide, or by using the surface topography created by 
underlying alignment marks. 

25 However, semiconductor manufacturing is increasingly using 

chemical mechanical polishing (CMP) processes to planarize the 
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substrate surface before depositing subsequent films. Planarizing 
the surface reduces the amount of topography that can be used for 
alignment purposes. Therefore, when non-transparent films are 
deposited over the surface of a planarized substrate, no means 

5 exist to adequately align either through the film to an underlying 
feature or using surface topography. Consequently, patterning 
process at these levels can be highly inaccurate and the resulting 
increase in the level of lithographic reworks (i.e. removing and re- 
patterning the resist) due to poor alignment can be costly and time- 

10 consuming. 

Prior art methods that attempt to overcome this problem 
include over-polishing and upsizing alignment mark dimensions to 
create topography in the substrate surface. Unfortunately, the 
topography resulting from the over-polishing only produces smooth 

15 changes in the surface of the substrate, which provides poor 

contrast. Upsizing alignment mark dimension provides topography 
by preventing the alignment marks from completely filling with 
deposited material. However, this topography similarly has 
smooth surfaces that are difficult to use for alignment purposes. 
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Brief Description of the Figures 

The present invention is illustrated by way of example and 
5 not limitation in the accompanying figures, in which like references 

indicate similar elements, and in which: 

FIG. 1 includes an illustration of a cross-sectional view of a 

partially processed semiconductor device including an interconnect 

level with an exposed upper surface; 
10 FIG. 2 includes an illustration of a cross-sectional view of the 

semiconductor device of FIG. 1 , wherein the top surface of the 

dielectric layer is recessed relative to the top surface of the 

interconnect; 

FIG. 3 includes an illustration of a cross-sectional view of the 
1 5 semiconductor device of FIG. 2 further showing an opaque film 
formed over the uppermost surface of the semiconductor device 
substrate; 

FIG. 4 includes an illustration of a cross-sectional view of the 
semiconductor device of FIG. 3 further showing a resist layer 
20 overlying the opaque film; 

FIG. 5 includes an illustration of a cross-sectional view of the 
semiconductor device of FIG. 4 after patterning the resist layer and 
etching the opaque film; 

FIG. 6 includes an illustration of a cross-sectional view of a 
25 substantially completed semiconductor device. 

Skilled artisans appreciate that elements in the figures are 
illustrated for simplicity and clarity and have not necessarily been 
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drawn to scale. For example, the dimensions of some of the 
elements in the figures may be exaggerated relative to other 
elements to help to improve understanding of embodiments of the 
present invention. 
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Detailed Description 

In accordance with an embodiment of the present invention, 

5 a semiconductor device and its method of formation are disclosed. 
In one embodiment an interconnect is formed within a dielectric 
layer, the dielectric layer is recessed with respect to the 
interconnect surface, and a barrier layer is formed over the 
interconnect. Substrate surface topography resulting from the 

1 0 recess is then used to align a resist pattern over the surface of the 
barrier layer. The barrier layer is then etched, wherein remaining 
barrier layer portions are aligned to the interconnect. An 
embodiment of the present invention will now be discussed in 
further detail with respect to the accompanying figures. 

15 FIG. 1 includes an illustration of a cross-sectional view of a 

portion of a semiconductor device. The semiconductor device 
includes a monocrystalline semiconductor substrate 100, isolation 
regions 102, and doped regions 104. A gate dielectric 106 overlies 
portions of the semiconductor device substrate 100 and a gate 

20 electrode 1 08 overlies the gate dielectric 1 06. 

A first interlevel dielectric layer (ILD) 109 is formed over the 
gate electrode 108 and the semiconductor device substrate 100. 
In one embodiment the ILD layer 109 is a layer of a silicon dioxide 
based material, deposited by chemical vapor deposition (CVD), 

25 which is formed using tetraethoxysilane (TEOS) as a source gas. 
Alternatively, ILD layer 109 may be a layer of silicon nitride, a layer 
of phosphosilicate glass (PSG), a layer of borophosphosilicate 
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glass (BPSG), a spin on glass (SOG) layer, a layer of silicon 
oxynitride (SiON), a polyimide layer, a layer of a low-k dielectric 
material (for the purposes of this specification a low-k dielectric 
material is any material having a dielectric constant less than 

5 approximately 3.6), or the like. 

The first ILD layer 109 is then patterned to form an opening 
that is filled with an adhesion/barrier layer 1091 and a plug fill 
material 1092. The adhesion/barrier layer 1 091 is typically a 
refractory metal, such as tungsten (W) titanium (Ti), tantalum (Ta), 

10 and the like, a refractory metal nitride, or a combination of 
refractory metals or their nitrides. The plug fill material 1092 is 
typically tungsten, aluminum, copper, or a like conductive material. 
The adhesion/barrier layer 1091 and plug fill material can be 
deposited using physical vapor deposition (PVD), CVD or a 

15 combination of PVD and CVD processes. After depositing the 
adhesion/barrier layer 1091 and the plug fill material 1092, the 
substrate is polished to remove portions of the adhesion/barrier 
layer 1091 and plug fill material 1092 not contained within the 
opening to form the conductive plug 1 093 shown in FIG. 1 . 

20 After forming the first ILD layer 1 09 and the conductive plug 

1093, a second ILD layer 110 is formed over the substrate surface 
(Note, when used in this context "substrate surface" includes the 
semiconductor device substrate as well as all layers fabricated on 
the semiconductor device substrate up to the point of processing 

25 under discussion. Therefore, substrate surface refers to the 

present uppermost surface of the substrate, including all structures 
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formed thereon). In accordance with one embodiment of the 
present invention, the second ILD layer 110 is formed as a 
combination of layers and includes etch stop layer (ESL) 1 094, a 
lower dielectric film 1101 an etch stop layer 1102, and an upper 

5 dielectric film 1 1 03. In accordance with one embodiment, the ESL 
layer 1094 is a layer of silicon nitride (Si 3 N 4 ) formed using 
conventional CVD techniques. Alternatively, ESL 1094 may be a 
layer of CVD silicon oxynitride (SiON), boron nitride (BN), or the 
like. The lower and upper dielectric films 1 101 and 1 103 can be 

10 formed using materials and processes similar to those used to 
form the ILD layer 109. The ESL 1 102 can be formed using 
materials and processes similar to those used to form the ESL 
1094. Typically the etch stop layers 1 102 and 1094 are formed 
using materials having substantially different etch characteristics 

1 5 with respect to the upper and lower dielectric films 1101 and 1 1 03. 
Typically, the etch selectivity between the etch stop layers 1 102 
and 1094 and the upper and lower dielectric films 1101 and 1103 
is greater than approximately 10:1. 

After forming the second ILD layer 1 10, it is patterned and 

20 etched to form a dual inlaid opening. The dual inlaid opening can 
be formed using a variety of conventional methods that can include 
trench-first via-last, via-first trench-last, buried via, and the like. 
The dual inlaid opening is filled with an adhesion/barrier layer 112 
and a copper fill material 114. In one embodiment, the 

25 adhesion/barrier layer 1 12 is a layer of tantalum nitride. 

Alternatively adhesion barrier layer 112 can be a layer of titanium 
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nitride, a layer of tungsten nitride, a layer of tantalum silicon nitride, 
a layer of tantalum, a titanium-tungsten layer, or the like. The 
adhesion barrier layer 112 can be deposited using conventional 
PVD or CVD techniques. In one embodiment, a seed layer (not 

5 shown) is then formed overlying the adhesion barrier layer 112. 
The seed layer is a layer of PVD copper, typically having a 
thickness which is insufficient to fill the dual inlaid opening but thick 
enough to conduct and carry the current densities required for 
electroplating a subsequently electroplated conductive metal layer. 

10 In one embodiment, the seed layer has a thickness in a range of 
50-200 nanometers. Alternatively the seed layer may be formed 
using other conductive materials, such as nickel and deposited 
using other processes, such as electroless plating or CVD. 
In accordance with one embodiment, an electroplating 

15 process is then used to deposit a conductive metal layer 1 14 within 
the dual inlaid opening. The conductive metal layer 1 14 has a 
thickness that is sufficient to fill the dual inlaid opening. In one 
embodiment the conductive metal layer 1 14 is a layer of copper or 
a copper alloy, wherein the copper content is at least 90 atomic 

20 percent. The copper can be alloyed with elements such as 

magnesium, sulfur, carbon, boron, or the like to improve adhesion, 
stress, electromigration resistance, or other properties of the 
interconnect. After depositing the adhesion/barrier layer 112 and 
the cooper f illed material 114, the substrate surface is polished to 

25 remove portions of the adhesion/barrier layer 112 and copper filled 
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material 114 not contained within the dual inlaid opening to form a 
dual inlaid interconnect 1104 as shown in FIG. 1. 

After forming the dual inlaid interconnect 1104, a third ILD 
layer 124 is formed over the substrate surface. In accordance with 
5 one embodiment, the third ILD layer 124 is a combination of films 
that include barrier layer 122, lower dielectric film 1241, ESL 1242, 
and upper dielectric layer 1243. In one embodiment, the barrier 
layer 122 is a layer of silicon nitride formed using conventional 
CVD techniques. Alternatively, barrier layer 122 may be a layer of 
10 CVD silicon oxynitride, boron nitride, or the like. In one 

embodiment, the lower dielectric film 1241 and the upper dielectric 
film 1243 are formed using materials and processes similar to 
those used to form the ILD layer 109 and the ESL 1242 is formed 
using materials and processes similar to those used to form ESL 
15 1102, described previously. A dual inlaid interconnect 1244 

comprising an adhesion/barrier layer 126 and a copper fill material 
128 are formed within the third ILD layer 124. In one embodiment, 
the dual inlaid interconnect 1244 is formed using materials and 
processes similar to those used to form the dual inlaid interconnect 
20 1 104 described previously. In accordance with one embodiment of 
the present invention, the substrate surface is substantially 
planarized as a result of the CMP process used to remove portions 
of the adhesion/barrier layer 126 and a copper fill material 128 not 
contained within the dual inlaid interconnect opening. Up to this 
25 point, one of ordinary skill in the art recognizes that conventional 
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processing has been used to form the semiconductor device 
shown in FIG. 1. 

Referring now to FIG. 2, in accordance with an embodiment 
of the present invention, the semiconductor device substrate 

5 shown in FIG. 1 has been processed to recess the top surface of 
upper dielectric film 1243 relative to the top surface of the 
interconnect 1244. In a preferred embodiment, the recessing of 
the dielectric film 1243 exposes edge regions of the of the 
interconnect 1244. The exposed edge regions define a step 201 

10 between the interconnect 1244 and the surface of the dielectric 
layer 1243 as shown in FIG. 2. In accordance with one 
embodiment, the dielectric layer 1243 is recessed using a reactive 
ion etch (RIE) process that removes approximately 50 to 70 
nanometers of dielectric layer 1243 from the substrate surface. 

15 Portions of the dielectric layer 1243 can be removed using 
conventional chlorofluorocarbon-based reactive ion etch (RIE) 
process chemistries. Alternatively, other RIE, plasma, or wet 
processing chemistries can be used to recess the surface of the 
dielectric layer relative to the interconnect. Preferably, to improve 

20 the topography contrast of a subsequently formed opaque film, the 
sidewall angle of the step 201 is greater than approximately 60 
degrees. More preferably the sidewall angle is greater than 
approximately 80 degrees. Even more preferably, the sidewall 
angle will be determined by the exposed sidewall portions of the 

25 interconnect 1244. When forming the step 201 it may be 

advantageous to minimize the etch time to reduce pitting of the 
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interconnect surface as well as minimize exposure of the RIE 
chamber environment to elemental copper which could potentially 
contaminate the etch chamber. The present inventors have 
discovered that the step 201 created by the RIE etch produces 

5 topography on the substrate surface that can advantageously be 
used to improve alignment capabilities and reduce overlay error at 
the subsequent patterning operation, as will be discussed. 

Turning now to FIG. 3 an opaque layer 301 is formed over 
the substrate surface (For the purposes of this specification an 

1 o opaque layer includes layers or films which are reflective or 

absorptive at all wavelengths of light between and including 400- 
700 nanometers or do not transmit electromagnetic radiation of a 
specified type used by photolithography equipment for alignment 
purposes). In accordance with one embodiment, the opaque layer 

15 is a conductive barrier layer 301 , such as a tantalum nitride (TaN) 
layer deposited using physical vapor deposition (PVD). 
Alternatively the conductive barrier layer 301 can be deposited 
using a CVD process or formed using other materials including 
titanium nitride (TiN), tungsten nitride (WN), tantalum (Ta), 

20 tungsten (W), titanium tungsten nitride (TiWN), titanium tungsten 
(TiW), tungsten nitride (WN), molybdenum nitride (MoN), cobalt 
nitride (CoN), a combination of thereof, or the like. In accordance 
with embodiments of the present invention, topography 303 in the 
conductive barrier layer 301 is now discernible as a result of the 

25 topography formed by recessing the top portions of upper dielectric 
layer 1243 and forming the step 201 . The topography formed 
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using embodiments of the present invention is advantageous over 
the prior art methods of overpolishing and alignment mark upsizing 
because it can be modulated by varying the height of step 201 to 
provide varying degrees of contrast, which can be optimized for 
5 alignment and exposure purposes of subsequently formed resist 
layers. 

Turning now to FIG. 4, a resist layer 401 has been formed 
over the conductive barrier layer 301 After forming the resist layer 
401 the semiconductor device substrate is placed into a 

10 photolithography tool where it is aligned and exposed using 

electromagnetic radiation to produce radiation induced changes in 
the solubility of the resist layer during subsequent development 
processing. In accordance with embodiments of the present 
invention, because the tantalum nitride film is opaque, underlying 

15 alignment marks are not visible to the lithography tool. Therefore, 
the topography 303 provides a means by which the 
photolithography tool can advantageously align the opaque layer 
301 with respect to the dial inlaid interconnect 1244. 

The present inventors have found by recessing the dielectric 

20 layer 1243 to form the step 201 prior to depositing the conductive 
barrier layer 301 forms topography 303 which can be used as 
"pseudo" alignment marks. The topography significantly improves 
alignment of the lithography tool and correspondingly reduces 
overlay error. The reduction in overlay error eliminates a need for 

25 performing photo reworks caused by poor alignment. 
Consequently the overall throughput and cycle time at the 
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lithography processing operation which patterns barrier layer 301 
with respect to the interconnect is improved. Turning now to FIG. 
5 the photo resist layer 401 has been developed using 
conventional photolithography developing processes to form a 
5 pattern feature over the semiconductor device substrate. In 
addition the opaque layer 301 has been etched to form a capping 
layer 501 which overlies the top surfaces of the interconnect and 
extends over portions of upper dielectric layer 1243. The presence 
of the topography produced by recessing dielectric layer 1243 has 
10 improved the alignment of the capping layer 501 to the surface of 
the interconnect 1244. 

One of ordinary skill in the art recognizes that for 
embodiments, in which the conductive fill material includes 
predominantly copper, the opaque layer 301 functions as a 
1 5 conductive barrier layer and it preferably covers the exposed 

surfaces of the copper within the interconnect. This is desirable to 
minimize diffusion of copper into other regions of the 
semiconductor device. If the alignment of the conductive barrier 
layer to the interconnect is inadequate, copper diffusion into 
20 adjacent regions of the semiconductor device can occur. In 

addition, in embodiments where portions of the inlaid interconnect 
1244 are used as bond pads, the conductive barrier layer prevents 
copper from the interconnect and lead tin solder from a 
subsequently formed bump from reacting with each other. 
25 Therefore, integrity is maintained at the interface between the 
bump and the interconnect. This improves the mechanical 
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integrity of the bump as well as helps to reduce the electrical 
resistance between the bump and the interconnect. Additionally, 
since alignment of the opaque layer 301 to underlying (and 
overlying) features is improved, the opaque layer 301 can also be 

5 used advantageously to pattern and form improved focused 
energy-alterable, or laser-alterable, connections (i.e. fuses) 
between conductive regions of the semiconductor device. The 
conductivity of these connections can be modified, using a laser or 
the like, to program or adjust the circuitry of the device. In 

10 addition, because the conductive barrier layer's alignment to the 
underlying feature is improved, problems resulting from a poor 
alignment, such as the unintentional removal of exposed copper or 
corrosion of copper resulting from exposure to etch and resist 
chemistries is also reduced. 

15 Turning now to FIG. 6, a substantially completed 

semiconductor device has been formed. In FIG. 6, the resist layer 
401 has been removed and a passivation layer 601 is deposited 
over the substrate surface using conventional CVD processing. 
The passivation layer can include one or more films of silicon 

20 nitride, silicon oxynitride, silicon dioxide, or the like. Portions of the 
passivation layer 601 closest to the capping film 501 typically 
include silicon nitride or a silicon oxynitride film having a higher 
concentration of atomic nitrogen relative to atomic oxygen. The 
passivation layer 601 is patterned to form a bond pad opening that 

25 exposes portions of the capping film 501 . The adhesion of 

passivation layers to copper interconnects is typically poor. Thus, 
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the capping film 501 additionally provides improved adhesion of 
the passivation layer in regions where the bond pad opening is 
formed. 

A die coat layer 603 is then formed overlying the substrate 

5 surface and patterned to form a die coat opening as shown in FIG. 
6. In accordance with one embodiment, the die coat layer 603 is a 
polyimide layer. The opening is formed using conventional 
lithographic and etch processing. The die coat opening exposes 
portions of the passivation layer and the bond pad opening as 

10 shown in FIG. 6. Processing is then continued to form a 

substantially completed bump structure as shown in FIG. 6. A pad 
limiting metal layer 604 is formed within the die coat opening and 
in one embodiment, includes a chromium film 605, a chromium 
copper alloy film 607, a copper film 609, and a gold film 61 1 . A 

15 conductive bump 613 is then formed overlying the pad limiting 
metal. In accordance with one embodiment the conductive bump 
613 includes lead tin solder. The processes and materials used to 
form the pad limiting metal and the lead tin sodder bump are 
conventional to one of ordinary skill in the art. 

20 The embodiments of the present invention are readily 

extendible to a variety of other applications. For example, any 
time an opaque film, which is deposited on a substantially 
planarized surface requires alignment to an underlying feature, the 
surface of the wafer can be selectively etched to form topography 

25 before depositing the opaque film. This will produce stepped 
contrast regions in the surface of the semiconductor substrate, 
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which can then be used to align photoresist images over the 
substrate surface. For example, if the barrier layer 122 were 
formed of an opaque material, such as those used to form the 
capping layer 501 , the dielectric layer 1 103 can be recessed with 

5 respect to the surface of the dual inlaid interconnect 1 1 04 to 
provide topography for the purpose of aligning subsequent 
patterning films, in addition, embodiments of the present invention 
are advantageous because they can easily be integrated into an 
existing process flow without a need to use exotic materials, 

10 develop new processes, or purchase new processing equipment. 
In the foregoing specification the invention has been described 
with reference to specific embodiments. However, one of ordinary 
skill in the art appreciates that various modifications and changes 
can be made without departing from the scope of the present 

15 invention as set forth in the claims below. Accordingly, the 
specification and figures are the be regarded in an illustrative 
rather than restrictive sense, and all such modifications are 
intended to be included within the scope of the present invention. 
Benefits, other advantages, and solutions to problems have been 

20 described with regard to specific embodiments. However, the 
benefits, advantages, solutions to problems, and any element(s) 
that may cause any benefit, advantage, or solution to occur or 
become more pronounced are not to be construed as a critical, 
required, or essential feature or element of any of the claims. 
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CLAIMS 

What is claimed is: 

5 1 . A method of forming a semiconductor device comprising: 

planarizing a surface of a semiconductor device substrate to 
form a conductive member (1244) within an opening in a 
dielectric layer (1243); 
recessing a top surface of the dielectric layer (1243) relative 
10 to a top surface of the conductive member to define a 

step (201 ) between the top surface of the conductive 
member (1244) and the top surface of the dielectric layer 
(1243); 

forming an opaque film (301) overlying the semiconductor 
15 device substrate, wherein the step (201) produces a 

topographically discernable feature (303) in the surface 
of the opaque film (301); 
patterning a resist layer (401) over the opaque film (301 , 
wherein an alignment of the resist layer to an underlying 
20 feature is accomplished using the topographically 

discernable features (303); and 
etching the opaque film to define a feature. 

2. The method of claim 1 , wherein the conductive member (1244) 
25 includes mostly copper and the opaque film (301 ) is a copper 
barrier layer. 
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3. The method of claim 2, wherein the copper barrier layer 
includes a refractory metal nitride. 

5 4. The method of claim 3, wherein the copper barrier layer 
includes a material selected from a group consisting of 
titanium, tantalum, tungsten, iridium, and nickel. 

5. The method of claim 1, wherein recessing is in a range of 
10 approximately 40-70 nanometers. 

6. The method of claim 1, wherein a portion of the conductive 

member (1244) is further characterized as a bond pad. 

1 5 7. The method of claim 6, wherein a portion of the opaque film 
(301 ) is a laser-alterable connection between at least two 
conductive regions. 

8. The method of claim 6, further comprising: 
20 forming a passivation layer (601) overlying portions of the 

bond pad; and 
forming a conductive bump (613), which is electrically 
connected to the bond pad. 

25 9. The method of claim 1 , wherein a sidewall angle of the step 
(201) is greater than approximately 80 degrees. 
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10. The method of claim 1, wherein recessing is formed using a 
reactive ion etch process. 
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